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Test  samples  comprised  of  a  layer  of  PZT  between  two  electrodes  were  printed  onto 
alumina  substrates  as shown  in figure  1. 
Figure  1. Sample  construction 
ESL  8836  gold  paste,  processed  in 
accordance  with  the 
manufacturer’s  recommendations 
was  used  for  the  lower  electrode. 
A  relatively  thick  (100-l  50  urn) 
layer  of  PZT  was  deposited  over 
the  lower  electrode  area  by 
printing  and  firing  repeatedly  at 
950”  C  until  the  desired  thickness 
was  achieved.  Finally,  the  devices 
were  overprinted  with  the  upper 
gold  electrode.  The  nature  of 
ferroelectric  ceramics  means  that  after  firing  the  samples  have  no  remnant  polarisation 
and  it  is  therefore  necessary  to  polarise  the  devices;  Optimal  conditions  for 
polarisation  are  currently  under  investigation,  but  for  this  investigation  the  following 
procedure  was  standardised.  The  devices  were  placed  in  a  box  oven  and  allowed  to 
become  thermally  stable  at  15OOC. An  electric  field  of  3MV  m-’  was  then  applied 
across  the  PZT  in a direction  perpendicular  to the  substrate.  The  samples  remained  in 
this  state  for  30  minutes,  before  being  allowed  to  cool  to  ambient,  at  which  point  the 
electric  field  was  removed. 
The  &  coefficient  may  be  defined  as  the  ratio  of  either  strain  resulting  from  an 
applied  electric  field  (mV’)  or  short  circuit  charge  density  resulting  from  an  applied 
stress  (CN-‘),  in each  case  both  terms  act  in  the  plane  perpendicular  to  the  substrate. 
Two  techniques  for  measuring  &  were  investigated.  Firstly  by  the  application  of  an 
electric  field  and  measurement  of  the  resultant  strain  and  secondly  by  stressing  a 
sample  and  measuring  the  resultant  charge. 
The  first  technique  involved  clamping  the  sample.  to  a  flat  base,  and  applying  an 
electric  field;  Using  a high-resolution  capacitive  displacement  probe  it was  possible  to 
measure  the  deformation  of  the  sample  due  to the  applied  field.  Knowing  the  original 
thickness  of  the  PZT  layer  it  was  possible  to  calculate  the  strain  in  the  material  and 
hence  the  d33 coefficient.  A  series  of  measurements  of  strain  as  a  function  of  applied 
electric  field  was  taken  for  each  binder  concentration  of both  the  lead  borosilicate  and 
the  lead(I1)  oxide  samples.  The  displacements  measured  were  typically  20-30  nm, 
agreeing  with  theoretical  values  calculated  assuming  a PZT  thickness  of  100  pm  and 
d33 coefficient  of  150  pC  N-‘.  Such  small  displacements  are  at the  limit  of  resolution 
of  the  probe  and  particular  difficulty  was  experienced  in  measuring  the  very  small 
displacements  occurring  with  higher  concentrations  of binder. 
The  second  technique  of  stressing  the  sample  required  a  means  of  applying  a known 
load  to the  sample  under  test.  This  was  accomplished  using  the  rig  shown  in figure  2. a) 97:3 
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Figure  5. SEM  micrographs  of cross-sections  through  various  sample  devices. 